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Current Topics on Selid Acid and Base Catalysts
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For the last several years, solid super acids and bases have been synthesized. Among these,
SbFs-Si0=ALD3, TiO:+8042, Zr0:+8042, FeOs+S047, ZSM zeolite, supported heteropoly acids,
or MgQO-+Na are being uvsed as efficient catalysts for such processes as isomerization, dehydration,
esterification, and acvlation. Some of these materials were proven to be useful as catalysts in
replacing such environmentally undesirable materials as concentrated sulfuric acid and aluminum
chloride. The surface structures of the acidic and bacic sites, as well as the catalytic activity

and selecrivity, are described.

Acid-base bifunctional catalysis is another recent topic. Properly pretreated ZrQOz and MgO, which
possess both acidic and basic properties, have been found to exhibit a pronounced catalytic action
for hydrogenation and alkylation, suggesting their potential use as catalysts for industrially important
reactions. The surface nature of these bifunctional catalysts is discussed.
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Table 1 Solid Super Acids

Group Acid Support
la Shifs S5i09~Alz0s, S10s-Ti02, Si0z-ZrOs, TiO-ZrOs
ib ShFs AleO3-13203, S10;, Si0O-WQs, HF-ALO;
2 ShFs, TaFs AlsOz, MoQOs, ThOs, Cr:0s ALQOs:-WB
3 SbFs, BEa graphite, Pi-graphite
4 BFs, AlCls, AlBrs ion exchange resin, sulfate, chloride
5 ShFs-HF metal (Pt, Al), alloy (Pt-Au, Ni.Mo, Al-Mg),
SbFs-FSOsTT polyethylene, SbFs, AlF; porous substance
{Si0s-ALOs, kaolin, active carbon, graphite)
6 SbFs-CHSOsH F-Al1:0s, AIPQ4, charcoal
7 Nafion
8 TiO2+ 8047, ZrOa+ 5042, FexQs+ 502~
9 ZSM, heteropoly acid/C
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Table 2 Replacement of 250 AlCls, ete. by
Selid Aeids

Reactions Catalysts

Nafion, Z5M
Naflon, TiOg+ 50427,
ZrQe+ 5048
Heteropoly acids/C

Hydrolysis of ester
Esterification

HrE o, hhiko R e S AN B L D
sak st N OEEERSELTO TlOz+SO42‘,
Zr0:+ 50427, FerO34-8047, Z8M ¥4 5 4 +, Nafion,
FEPERHEE P o ) BSS T LN L THE S D, H
PIELT v 3 = w A DR
I E LT EL L MR E N T3
AlCl Ehbit L 288, UG & Y
THESNLEWSREEH L30T, AICLE O
DA B BRSO R IR E by CHE
THhi,

FeOs 10 2wt & S04 GREr L) 2L
Lo, Tl 2wt O 508 BRMME LT
Fez0s 1, Table 83 R 5513 & 5 iz, B Feuls
W BT 2-7 & 2 — DRI e LTk 1000 £
OIEEYCERE D, 2o SO& FRB v aFmey
ORI LTHEE T h 5. 2o 50487 EEE,

Wi o e & o RS L IR
b & DI
(Table 2)

Triphenylphosphine Z5SM Fig. 1 ©wFd 5510 FeOs LIERLE SO& o S5=0
. oy
fevieter S OTHBIMC LY Fe™ A 4 35 Lewis Bk % i 3
"eS04(800°C) FWEEL BB, PuOelSO8 o TR 22y |
Table 3 Catalytic Activities of FesOs Prepared by Different Methods
Rate (1075 mol min~t g%}
8042~ 2-Butanol Cyclopropane 1-Butene
FeaOs Starting Precipitating content dehydration  isomerization isomerization
catalysts materials reagents wi% at 200°C at 200°C . at 100°C
A Nitrate Ammonia 0 0,018 0 12,3
B Nitrate Urea 0 0.074 0 5,56
C Alum Ammonia 0 0,011 0 12.6
D Alum Urea 2 21.5 81, 5% 101
E Nitrate Ammonia 2 4.04 44. 2% 50,3
+{NH4}504
a) Reaction temperature : 100°C,
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Fig. 1 Mode! structure of super acidity genera-
tion on surface of FesOs-+ 3042

Table 4 IR Bands of S=0

Catalyst Asymmetric S=C {em™)
FeyOs-- 50482 1376~1380
FexSOu)s 1100~1235
Organic sulfur 1360~1440
compounds
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FedSOds @ S=0 oBITE L1 100 em™t LS
HedH o, HHERERLEED S=0 omPEoERICR
e K= TS=0 @ISR D R ELTELY
Wasmd ko b,

TiO: o SO FHML7-H O, ﬁgztmﬁJ
AT TE— D T 2 F AR TREET B BT
b IR A2z b amifiEins Fig 1 i-cfjibf::eif;u
& FEHE O TEME BT A L B b, £
fz ZrOp 1w SO&™ FEMLI &0 7T Y LRI

WTHE BN T v AL AT B FES 5027 AT
FeoOs DMAIE TGS & 0 5 M 03d 345, T vl

wAD 5 HC 28l & KOS LT MoCls % FeCls &
L, 2RoMEMIg— T Lewis & LT T
WAL EDbhhat W, koTo o) Fiokd T vl

He W52 B (1983)

t00

Ti0,+508

a0 -t

Ti0y-5id,

@B
&

3

TI0,-Al, 04

Converslon.

=)
T

@
=

03
=

v
=3

W

nn catolyst

| | i 1
190 300 £0% 700

talcination temp. °C

Fig. 2 Esterification of terephthalic acid with
ethylene glycol over solid acid catalysts. Re-
action temperature : 200°C, Reaction time: 90
min.
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Table 5 Esterification by Supported Heteropoly Acids (HaPWuOu: 5wt %)
CH3aCOOH + CoHsOH — CHaCOOCHs 4+ H2C, 150°C
o AcOH Selectivity, mol %
upport o
SOnY- Fh AcOEt B0 Caf +Caf
SiQs (Fuji-Davison 1D} 90.1 a1 9 0
C (Mitsui SLIF) 48.0 100 0 0
C {(Kurare GC) 98,2 4 6 0
Al20Os (ALO-1) 9.0 89 3 8
TiQ, (TIO-1) 97.0 74 26 trace

Si0-AlLOe (SAL-2) 24. 3

59 trace 1
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Table 6 Classification of Selid Superbases and Strong Bases

Solid base Starting materials il;rel;‘-egément i;gr}gi}]’bﬁf}c
MgQ Mg (OH): 600 18.4
MgO AMgCOs Mg(OH - 5H:0 600 18.4
Cal Ca({OH)z 600 8.4
AlsQOs:-NaOH (impregnated) 550 18.4
CaO CaCCQCs 900 26,5
5rO Sr{OH): 850 26.5
MpgO-NaOQH (impregnated) 550 26,5
MgO-Nz (vaporized Na) 650 35
Al:Oz-Na (vaporized Na) 550 35
R Na
LA R ws Mgl Mg 0" Mg?* Na(g) Mg? = Mg 0 Mg?*
l l J \ OQ—Mg2+OZ’DOZ— O2*Mg2+OQ*DOZ—
g o oedt d - & b H CCTURCGOREhENT =4 v RUA T 4+ v Rik%
. (V] ., = 2 Jryra
Ca o R, il T =4 RS Nalg) 06 1 \ETR + 20

2+ - I+ - -~
oz*cq ¢ I ¢ g ¢ 2t
Fig. 3 Surface model of CaO. R : reducing site,
SB: strong basic site, LA : Lewis acid
WEB: weak basic site,
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Table 7 Heterogeneous Bifunctional Catalysis

~CH* -+ H-
,CH:; — —-CI{g" —,LH"'
H~I> exchange
Strong acids (Si02-AlQs, AlaOs) x
Strong bases {MgQO, CaQ} x

Weak acid-base (ZrO,, ThO:) O
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Tahle 8 Synthesis of a-Olefin from Alcohol
{sec-Butanol)

Catalyst Selectivity for I-butene
Al:Oa 27%
ZrQs 90%
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Fig. 4 Catalytic activity of ZrO: pretreated at
different temperatures. Hydrog.: hydrogena-
tion, 1, 3-C4¥ : 1, 3-butadiene, Isom. 1
tion, 1-C4’: 1-butene, CsHs: cyelohexadiene.
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Fig. 5 Variation of Activity of MgO with
evacuation temperaturc. @ : ethylene, /\: pro-
pvlene, (O 1-butene.

Table 9 Selectivity for Hydrogenation of 1,3~

Butadiene
Molecular Position of  Ho-Da
Catalyst identity I addition exchange
Metals no 1, 2- aclive
Zn0, Crz0s, CosCa yes 1,2-,1,4  active
MgO (800°C) no 1,2-,1,4- active
MgQ {1100°C) ves 1, 4~ inactive
Q /@?
H O i

///”///%Mg? DT

(b}

Fig. 6 Adsorbed states of phenol. (a} MgO:
no interaction between benzene ring and cat-
alyst surface, (b) interaction between benzene
ring and catalyst surface.
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